Nonlinear spinor theory is fomulated in functional space. An eigenvalue equation for mesons is derived. The group theoretical reduction of this equation is performed, especially the angular momentum decomposition. For vector mesons it is solved in first Fredholm approximation. A solution corresponding to a physical particle is found contrary to earlier calculations. The calculated mass has the correct order of magnitude.
Introduction
The theory of high energy phenomena should be formulated in the framework of a unified relativistic quantvm field theory. HEISENBERG and coworkers have proposed a nonlinear spinor equation 2 This stems from the fact that in a unified theory of elementary particles each particle is a relativistic cluster, that means it has an internal structure. No particle is more elementary than the other, although they are not equivalent. Therefore the Green funcReprint requests to K. SCHEERER, Institut für Theoretische Physik der Universität Tübingen, D-7400 Tubingen, Wächterstraße 6. * Supported by the Deutsche Forschungsgemeinschaft.
tions do not suffice to determine the 5-matrix. Second, the set of all rM a -functions represents in some sense the state | a), that is the r-functions can serve as expansion coefficients in a series expansion for | a). Such an expansion refers explicitly to the cyclic basis system generated by the field operators, that is to quantities without definite meaning.
The whole set of r-functions is supposed to be in one-to-one correspondence to the set of states, similar to infinite sequences of numbers which are under certain conditions in one-to-one correspondence to the space of square integrable functions. Lead from physical intuition it is possable to justify the approximation schemes used so far, but from a fundamental point of view the situation is quite unsatisfactory. There are rather some recipes than a theory.
In our opinion a unified theory of elementary particles should be formulated in a space !H of state vectors provided with an inner product which preserves probability and gives a clear-cut meaning to approximation schemes. The global observables should be given as the infinitesimal generators of the in- 
Fundamentals
a) The basic equation of functional nonlinear spinor theory is 3 : We choose the linear momentum P^, its square P 2 = m 2 , angular momentum T , and its projection r3 . Hence | %a(j)) has to fulfill the following subsidiary conditions: are assumed to be independent from an expansion like (2.7). Still (2.7) can be used to get approximative solutions of functional equations (and we will do so), but this is not mandatory.
b) In Eq. (2.1) the quantization enters only through the term iQoja(.x) which vanishes in the case of noncanonical quantization. The information about the quantization is then introduced by the two-point function
with help of the normal transform
In the case of free fields (2.9) is the functional version of Wick's theorem 13 . Substitution of (2.9) into (2.1) gives:
and
FL (x-y) =Fxa(x-y) + i Q0Gxa(x-y). (2.12)
In ( In the next step (2.10) has to be averaged in the free variable x in order to get a symmetrical set of equation for the r-functions. If this is not done, the known difficulties arise that the iteration of different coordinates leads to structural different equations 6 . This averaging can be done in different ways. In 14 an indefinite functional integral was used which reproduces exactly the symmetrical Tamm-Dancoff-approximation. We follow the way proposed in 15 and apply f Ax j* (x) Pß (z) to (2.10):
with the dynamical operator
Squaring of both sides of (2.13) then yields:
(2.15) represents the relativistic analogon to the Schrödinger equation. The difference lies in the fact that Eq. (2.15) is defined on a space of functionals, whereas the Schrödinger equation is usually defined on the space of the very special functionals f(x), with / square integrable. But principally this difference is insignificant. The aim is to solve (2.14) by direct methods, but these do not exist yet.
Therefore we look for an approximate solution of (2.15). We make the ansatz: Equations of such a difficult type have not been investigated in the literature so far. It is not our aim in this paper to develop a complete theory for such equations. We only want to get some first insight.
Therefore we neglect some of the graphs in (3.2).
First, the last two graphs are neglected since they will not effect the binding very much. Their influence could be taken into account by dressing the external Green function to a finite mass x.
Second, we neglect the fifth graph. For the grouptheoretical reduction this is only a matter of notational convenience, since its algebraic structure is identical to the structure of the other nonlocal graphs.
The remaining equation reads in the momentum space in the center of mass system with the center of mass momentum /:
In (3.4) we used the following definitions:
is the dipole regularized two point function. In the practical calculations the spectral function £>(m 2 ) will be replaced by a <5-funetion at the nucleon mass: e(m 2 ) = <5(m 2 -* 2 ); Gaß{p) = -(VO«/rp"/p 2 (3.6), (3.7)
is the free particle Green function, an the completely antisymmetrical vertex operator reads explicitly:
The matrices X', X",i' and o are direct products of Pauli matrices in isospin-, spin-, and the so called /-space. So every index a is meant as a triple (oj a2 a3)
The occurrence of the additional A-space index stems from the fact that we are working in the Hermitian representation of the theory. is defined by a : = aj.
In (3.4) the integration over k can be performed by the standard techniques for the evaluation of 
ln(l -A) + ~lnA- The eigenvectors for / = 0 is r0 = 1 (singlet) and for 7 = 1 are (t1,x2,x3) (triplet) .
The angular momentum dependence of <paß follows from the condition (2.3c). The total angular momentum of a two particle system is given by the sum of the individual spins of the particles and their relative orbital angular momentum. Hence we are concerned with the coupling of three angular momenta. We use the LS-coupling scheme, that is we first couple the two individual spins and the resulting spin is coupled with the orbital angular momentum to give the total angular momentum of the meson. We favour this scheme in contrast to that chosen in 20 for the baryon mass problem since it facilitates the discussion of the discrete symmetries C P and P in the parity symmetrical version of the theory.
For simplicity we pass to the rest frame of the The eigenstates of (3.19) are o0 = 1 for 5 = 0 (singlet),
The o-matrices are eigenstates to S 2 but not to the spinprojection s3. Therefore the wavefunction 
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<P FA (x,y)=j(j + l) <P FA (x,y). (3.18)
It can be used to raise respectively to lower the indices. The £-tensor in the spherical basis is simply multiplied by i because of det U + = i .
By applying (3.20) to 99" we get a wavefunction for definite spin and spin projection: fpss^u+n *(prm (3.24)
To determine the angular momentum dependence of cp(xx, x2) we have to examine the relation
(Li(x) + Li(-y)) 2 <p(x, y) =1(1+ 1) <p(x,y).

3.25) i = l
Fourier-Transformation of (3.25) and separation of the center-of-mass motion gives in the rest system /= (m, 0, 0,0) : For the notation of the Clebsch-Gordan coefficients see 23 . Insertion of (3.28) into (3.27) gives:
By application of the orthogonality relations for Clebsch-Gordan coefficients and spherical harmonics we get the desired wavefunction with definite total angular momentum:
(pfu (q01 Q I) = 2 c(4 / /', 53 l3 j3)
• "FA" refers to the baryon number which is 0 in our case. This index will be suppressed in the following, (i) denotes the isospin of the state. The equations for different isospins vary only by numerical factors which are given in brackets, x refers to the (algebraic) spin which still must be coupled to the orbital angular momentum. In the rest system ] = (m, 0,0, 0), x = 0 belongs to s = 0 and x = 1, 2, 3 belong to s = 1. In (4.4) one can clearly see the different contributions: The first term is a local term which is essentially equivalent to the lowest Tamm-Dancoff approximation. The second term is a normal Bethe-Salpeter kernel in a ladder like approximation, and the third one is an exchange type kernel.
Besides the above mentioned symmetries we have as a discrete symmetry the CP-invariance. As is well known the eigenvalue of CP for a two particle system is given by ( -l) s + 1 (see 22 m 2 cp s Hq) = / dp 2 a i SSz bj, u, W{q, p, J) qM* (p).
We expand the kernels in spherical harmonics:
with qt : = | q | .
Then from (4.8) follows with (3.30) and (3.29) the equation for definite total angular momentum: 24 . A detailed analysis of the equations will be left to a subsequent paper.
Here we will make only a first rough approximation.
As was done in 7 , we treat the resulting eigenvalue 25 show that the series converges for a much wider class of integral kernels. Hence we assume that our kernel is of such a type. As we did explicitly perform the angular decomposition contrary to 7 , we are not forced to shift the mass of the regularizing dipole in (3.5) to a finite value in order to get a nice behaviour on the light cone.
It is difficult to say something about the accuracy of the aproximation. In the case of the scalar-scalar Bethe-Salpeter equation in the ladder approximation, the eigenvalues calculated from the Fredholm approximation differ from the correct oney by a factor which varies slowly with the coupling constant. In particular, the Fredholm approximation leaves the norm unchanged, which is essentially determined by the sign of the derivative of the coupling constant, which is taken to be a function of the meson mass looked for.
Therefore one may hope the Fredholm approximation to be suited for the problem of existence of vector mesons in nonlinear spinor theory, whereas the values of the calculated masses may be rather poor.
The eigenvalue equation consists of two terms. In one term, the kernel h(q,p) depends essentially on the difference q -poi the variables, in the other term on the sum q + p. From the fact that we deal with an eigenstate of CP the following symmetry relation can be derived:
By means of this relation the exchange term can be handled in the same way as the normal one.
In the first Fredholm approximation, the eigenvalue equation reads explicitly with y = 2(<7l 2 /*) (2 -1):
In ( Because of the mass zero poles in g(q) and f{q), there are a lot of unphysical cuts in the functions qi(X) starting at A = 0 and A = 1. We do not want to go into a detailed discussion of the complicated structure of the Rieman surfaces 26 but use the sim- The decision whether a solution corresponds to a ghost state or to a physical particle is derived by the calculation of the norm of the state. Following the program developed in the introduction this should be done with help of the scalar product in functional space. Such a scalar product has been proposed in 27 . But until now there exist no explicit calculation of the norm of an interacting particle. Therefore we use here the conventional Bethe-Salpeter normalization procedure which is applied to the nonlinear spinor theory in 28 . There it is shown that the norm is related to the derivative of the corresponding function q(X). For solution with spin 1, the derivative must be negative in order to give a physical state. From Fig. 1 one sees that solutions with a negative derivative exist for a large range of the coupling constant. Hence we hawe shown the existence of vector mesons in nonlinear spinor theory. The resulting mass will be given somewhat later. • f dp dq Ghla(q) Fnß(p) Fvv{J-p~q).
(5.10)
Since the external Green function carries the total momentum/, (5.10) can be written also:
• / dp dq Gl (q) Fßß(p) Fvy(J-p-q). (5.11) In this form the equation is identical with a corresponding one in 14 which was derived from a linearized form of (2.15). Hence we can take the result from 14 and get with I = / 2 /x 2 :
The function L(l) is defined in 14 
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Appendix I
In this Appendix, we list the formulas needed for the explicit evaluation of (3.38) for the different possible tensors a? by. The proof of the formulas is straightforward and uses only the well-known properties of spherical harmonics. Besides Clebsch-Gordan coefficients, in one term there appears the 6 /-symbol The notation is self-explanatory for a great deal: First we give the tensor a v bx in the Cartesian basis, and then we give the result contributing to Equation (3.38 ). An integration over p0 and pt on the right hand side is to be understood, ki = ki(q0, qt, p0, px) denotes the kernel, and [Z^.. 
